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*. Investigate homochirality in autocatalytic systems

* .Gather understanding on the kinetic models
describingthe Soai Reaction |
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describingthe Soai Reaction |

. Verify thé.pe.rjformance of the kinetic models
Aﬁafyze and quénﬁfy the nonlinear béhaViorJ

associated with these models (limit cycles
chaos) in order to have predlctlons to

experimentally validate.
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+ Whatever process created these bwldmg blocks
from the primordial broth was’ enanho selectlve

1. produced enantiomeric excess.
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. Slmplest form of autocatalysis, «

F. C. Frank found a theoretical model for a
autocatalytic, enantio-selective reaction

Simple Autocatalytic Reaction

Reaction Step




Autocataly5|s

. Slmplest form of autocatalysns .
F. C. Frank found a theoretical model for a
autocatalytic enantio-selective reaction *
. Quantlfylng homochlraltty |

A + B —-) ZB “o Simple Autocatalytic Reaction

Reaction Step

enantiomeric excess

R S x 100%




‘The Soai Reaction

First example of a chiroselective autocatalysis in an organic
reaction system. 1995 |

It can start from an achlral set of |n|t|al concentratlons and

produce up to 100% ee. DR
| o, diagram adapted from Buhse et al (2005)
—— Racemic Chiral
0
N " TH N~ 377 ~0—Zn— hydrolysis N= 77 "OH
| + | rfzn - ] - ]

pyrimidyl alkanol

[high enantiomeric excess]

[|  asymmetric autocatalysis
with amplification of )

' enantiomeric excess

amplification of
carbaldehyde  isopropyl zinc alkoxide alcohol
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* Proposed kinetics uncertain .
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Modeling the .S'Qai' Reaction

* Proposed kinetics uncertain .
— Islas et al (2005) model 1

* Simplified model that demonstrates enantio-selectivity

e Buhse/Mlcskel (2008) model

-~ * Complex mddel with potentially exotlc dynamlc behawor




. Let’s Study: SimpIeModeI

. .Autocatalytic model, based on F.C. Frankf 1953

l.‘[ul.“ l{l'd("i”“s l.l.,ll' l:“.vl(]('] l |_)“”-J:' (:Orreqpon(ling NOlllinCar ()DES

Reaction  Rate Value

Paramete
(I{‘ _ -2"",4 _ ;\ ;;‘R - k["“‘?
dt '
dR

— =k A+ kAR -k,RS
dt . ‘

/&S‘
= kA + kAS - k,RS
dt

Islas et al (2005)

. .

» Solved,with GEAR algorithm for stiff systems



~Reaction Characteristics:
~ Mirror-symmetry Breaking
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. - “Work in Prpgress 3

» i
* .Studying the Buhse/Micskei model -~ .
— Exhibits oscillatory behavior (limit cycles) .
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Analyzmg its Lyapunov spectra -
— Lends to quantifiable. predlctlons on the system e
o chaotlc/stable behavuor ¥ " '




~Work in Prpgress L

» .Studying the Buhse/Miéskéi model' -
— EXthItS oscillatory behavior (limit cycles)
. Analyzmg its Lyapunov spectra

— Lends to quantifiable. predlctlons on the system 'S ;
% chaotlc/stable behavior !

. Gathermg predlctlons for experlmental
validation |

— Verifying a kinetic model for the Soai reaction |
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